During the last decade, transient receptor potential (TRP) channels emerge as key proteins in central mechanisms of the carcinogenesis such as cell proliferation, apoptosis and migration. Initial studies showed that expression profile of some TRP channels, notably TRP melastatin 8 (TRPM8), TRP vanilloid 6 (TRPV6),TRP canonical (TRPC6) and TRPV2, is changing during the development and the progression of prostate cancer towards the hormone-refractory stages. The link between the change in expression levels and the functional role of these channels in prostate cancer is step by step being elucidated. These recent advances are here described and discussed.
TRANSIENT RECEPTOR POTENTIAL (TRP) CHANNELS IN PROSTATE CANCER: A NEW RESEARCH FIELD
TRP channels constitute a novel area of research in oncology. Malignant transformation of cells is the result of enhanced proliferation, aberrant differentiation and impaired ability to die resulting in abnormal tissue growth, which can eventually turn into uncontrolled expansion and invasion, characteristic of cancer. Such transformation is often accompanied by changes in ion channel expression and, consequently, by abnormal progression of the cellular responses with which they are involved. At present, the expression profile of TRP channels in prostate carcinogenesis has not been yet completed, while the specific functional roles for most of those are only just beginning to be understood.
Since the cloning of the first TRP channel 20 years ago, another approximately 30 TRPs have been identified and classified into six different families: TRP canonical (TRPC), TRP vanilloid (TRPV), TRP melastatin (TRPM), TRP mucolipin, TRP polycystin and TRP ankyrin transmembrane proteins.
1 Members of the TRP superfamily of channels share a common feature of six transmembrane segments, varying degrees of sequence homology and permeability to cations. Despite these structural similarities, a typical feature of these TRP channels is their ability to be activated by a wide range of external stimuli (including light, sound, chemicals, temperature and touch) as well as of changes in the local environment. As such, they can be envisioned as polymodal molecular sensors of the cell and have profound effects on a variety of physiological and pathological conditions. 1-4 Sensitivity to polymodal activation suggests that the physiologically relevant stimulus for any given TRP will be governed by the specifics of cellular context (i.e., phosphorylation status, lipid environment, interacting proteins and concentrations of relevant ligands), which dramatically changes during carcinogenesis. TRP channels could therefore play a key role in cancer progression and could characterize the cancer cell phenotype of a tumor. Indeed, this seems to be the case for some of the TRP channels in prostate cancer. The expression levels of members of the TRPC, TRPM and TRPV families are correlated with the emergence and/or progression of certain epithelial cancers. [5] [6] [7] [8] Besides these expression studies, the data of the last couple of years increasingly clarify the role for four TRP members, TRPM8, TRPV6, TRPC6 and TRPV2, making them very promising players since their expression and/or activity mark and regulate specific stages of cancer progression. In this review, we will sketch the emerging profile of TRPM8, TRPV6, TRPC6 and TRPV2 in prostate carcinogenesis and speculate on their potential use in therapeutics. In this regard, the recent advances in the characterisation of the TRPM8 role in cell migration inhibition could reflect a defending, 'Good' character of this channel in prostate cancer invasion. On the other hand, we portrayed as 'Bad' TRPV6 and TRPC6, which show a pro-proliferative role in prostate cancer cells. Finally, in the 'Ugly' stage of the more aggressive hormone refractory cancer, TRPV2 enhances the invasiveness of the prostate cells.
THE 'GOOD': TRPM8 ACTIVATION LEADS TO APOPTOSIS AND PREVENTS PROSTATE CELL MIGRATION
Trpm8 was initially cloned as a prostate-specific gene whose expression increased during transformation to prostate cancer. 7 More precisely, trpm8 expression increases in both benign prostate hyperplasia and in prostate carcinoma cells, which both present high androgen levels, 7 while anti-androgen therapy greatly reduces the expression of TRPM8.
It appears that the androgen dependence of TRPM8 expression is related with the differentiation degree of the prostate epithelial cells. 10, 11 Single-cell RT-PCR and immunohistochemical experiments conducted on primary human prostate cancer cells showed that TRPM8 was mainly expressed in androgen-dependent, apical secretory epithelial cells. Its expression was also downregulated in cells that lost androgen receptor activity. 11 Furthermore, the epithelial cell phenotype (i.e., fully differentiated secretory apical cells versus nondifferentiated basal cells) and the androgen status (i.e., androgendependent versus hormone refractory cells highly resistant to apoptosis) seem to determine the intracellular TRPM8 localization. Indeed several reports 10, 12, 13 indicate that TRPM8 is expressed not only in the plasma membrane (PM) (TRPM8 PM ), as initially anticipated, but also in the endoplasmic reticulum (ER) membrane (TRPM8 ER ). Functional TRPM8 PM channel is expressed only in highly differentiated prostate epithelial luminal cells, while TRPM8 ER localizes in both luminal and basal phenotypes irrespectively of the differentiation status of prostate cells. 10 The mechanisms, which determine the preferred localization of TRPM8 and the physiological role of this dual expression, are not yet fully clarified.
This dual localization of TRPM8 is of particular interest since it determines the function of the channel and thus, it may be linked to the specific oncogenic status that is critical for carcinogenesis events, such as proliferation, apoptosis and migration. Indeed, activation of TRPM8 ER by cold or menthol in LNCaP cells results in the ER store depletion followed by store-operated calcium entry. 12 Store depletion and store-operated calcium entry were previously shown to be critical in promoting growth arrest and apoptosis of prostate cancer epithelial cells. 14, 15 Indeed, reduced basal filling of intracellular Ca 21 stores is also the hallmark of the apoptosis-resistant cell phenotypes characteristic of advanced prostate cancer. 14, 16, 17 Thus, as TRPM8 ER is a molecular entity capable of influencing the filling of ER stores, its activity may be considered a substantial factor in controlling the apoptosis of advanced prostate cancer metastatic cells.
On the other hand, recent data show that TRPM8 PM is involved in prostate cancer cell migration. 18 Activation of the channel either by icilin or the well-known prostate cancer marker, prostate-specific antigen (PSA), reduced the motility of the PC3 prostate cancer cell line. 18 Regarding the deceleration in cell migration by the newly identified activator of TRPM8, PSA, cell surface biotinylation experiments showed that this is the result of functional TRPM8 channel accumulation on the membrane. 18 Prostate produces high levels of PSA, also known as the third member of the serine protease kallikrein family, which has been shown to exert anti-angiogenic properties by converting Lys-plasminogen to biologically active angiostatin-like fragments. 19 Here we show another mechanism through which PSA might slow down prostate tumor growth and progression. PSA activation of the TRPM8 PM could thus sustain dormancy of prostatic hyperplasia by reducing its mobility and possible migration. In line with this assumption is the gradual loss of the TRPM8 PM during tumor progression to a late and invasive prostate cancer stage. 9 Furthermore, another study demonstrates that TRPM8 significantly inhibited the migration in PC3 cells through the inactivation of focal adhesion kinase. 20 Focal adhesion kinase is a non-receptor protein tyrosine kinase that localizes to cellular focal adhesions or cell contacts within the extracellular matrix and participates in growth factor receptormediated signaling pathways and plays essential roles in cell survival, proliferation, migration and invasion. In addition, overexpression of TRPM8 induced a significant cell cycle arrest in G 0 /G 1 stage and facilitated the apoptosis of cells induced by starvation.
Considered together, we can speculate that a shift in the expression and/or activity of TRPM8 may modify the potential for either apoptosis or migration. These studies suggest that TRPM8 PM would play a protective 'Good' role in prostate cancer progression, while it would be edifying to elucidate what is the accountability of the TRPM8 ER in this process. Additional studies will clarify how the balance in between TRPM8 PM and TRPM8 ER affects carcinogenesis. Furthermore, there is an urgent need of establishing appropriate experimental in vivo models in order to validate pro-apoptotic/anti-invasive role of TRPM8 and assess whether overexpression or specific activation of either isoforms should be considered and may offer novel approaches to treat prostate cancer depending on the stage and androgen sensitivity of the targeted tumor.
THE 'BAD': TRPV6 AND TRPC6 LEAD TO PROLIFERATION OF PROSTATE CANCER CELLS TRPV6 is proposed as a prognostic marker of prostate cancer progression, since its expression strongly increases in high-grade tumors with a Gleason score of o7, while in normal and benign prostate tissues, it is virtually undetectable. 21 Using the model system of androgendependent human prostate cancer LNCaP cell line, a recent study showed that TRPV6 is directly involved in the control of proliferation, as siRNA-mediated TRPV6 silencing slowed down the proliferation rate, decreased the accumulation of LNCaP cells in the S phase of the cell cycle and lowered the expression of the proliferating cell nuclear antigen. 22 The proproliferative role of TRPV6 consists in supporting the basal Ca 21 entry required for the activation of Ca 21 /calmodulin/ calcineurin-dependent transcription factor nuclear factor of activated T cell (NFAT), 22 whose transcriptional activity alters the expression of cell cycle regulators.
Note worthily, it was demonstrated that the activation of the same Ca 21 /calmodulin/calcineurin/NFAT pathway leads to proliferation in the primary human prostate cancer epithelial cells by Ca 21 entry via another TRP family member-TRPC6. 6 However, in this case, agonist-mediated stimulation of a1-adrenoceptor is required to generate the lipid messenger diacylglycerol, by recruiting a phospholipase Ccatalyzed phospholipid breakdown pathway, which in turn directly gates TRPC6 channels. 6 Furthermore, the a1-adrenoceptor must be expressed as a full-length isoform in order to initiate the calcium signal since the lack of the long receptor isoforms hinders Ca 21 entry. Indeed, in DU145 cells, treatment with phenylephrine provokes a recruitment of TRPC6-containing vesicles toward the plasma membrane as well as a rearrangement of the submembranous cytoskeleton, a rearrangement of the receptor containing microdomains along with a modification of microdomain lipidic composition, as seen by an increase in ceramides, cholesterol, sphingomyelin and phosphatidylserin leading to a shift toward lighter densities of the rafts and a modification of the membrane fluidity. 23 Taken together, it would seem that the TRPV6 channel is involved in the control of basal proliferation rate of prostate cancer cells, while TRPC6 supports the direct mitogenic effect of catecholamines via their release by sympathetic nerves. We could therefore consider TRPV6 and TRPC6 as the 'Bad guys', the inhibition of which could lead to the control of tumor progression in prostate cancers.
THE 'UGLY': TRPV2 CHANNEL ENHANCES PROSTATE CANCER CELL MIGRATION AND INVASION
TRPV2 is expressed in the more aggressive androgen-resistant prostate cancer cells and its expression is increased by treatments inducing neuroendocrine differentiation. 24 Indeed, as mentioned above,
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neuroendocrine differentiation has been shown to be associated with the androgen-independent stage of prostate cancer. 25 This neuroendocrine phenotype of prostate cancer cells is dependent on the presence of TRPV2, since its inhibition by siRNA downregulates neuron-specific enolase, a neuroendocrine marker. 24 Precisely, TRPV2 is expressed in several metastatic androgen-resistant prostate cancer cell lines PC-3, DU-145 and LNCaP C4-2 and most importantly trpv2 transcript levels were 12 times higher in patients with metastatic cancer (stage M1) compared with primary solid tumors (stages T2a and T2b). Silencing of this channel drastically reduces the migration of prostate cancer cells, whereas its overexpression increases their migration. Concerning the mechanistic role of TRPV2 in invasion, TRPV2 would maintain an elevated level of cytosolic Ca 21 in cancer cells derived from castration-resistant tumors due to its constitutive channel activity. 24 The activity of this channel would affect prostate cell migration by directly regulating the invasion markers matrix metalloproteinase MMP2, MMP9 and cathepsin B used by the cancer cell to invade.
Physiological regulation of the TRPV2 channel was so far been poorly described. It was, however, shown that this channel can be activated when plasma membrane targeting is stimulated by growth factors (insulin-like growth factor-1), phosphatidylinositol-3 kinase pathway and osmotic stimuli. 26 Interestingly, the common endogenous lysophospholipids, lysophosphatidylcholine and lysophosphatidylinositol stimulate Ca 21 influx and increase the migration potential in prostate cancer PC3 cells. On the other hand, TRPV2 silencing with shRNA abolishes the stimulatory effect of lysophospholipids on both Ca 21 entry and migration, pointing to a role played by TRPV2 channels in cancer cell migration. 24, 27 These findings are more important in light of the fact that lysophospholipids are significant actors in tumor development, since they stimulate angiogenesis, growth, survival and migration of prostate malignant cells. [28] [29] [30] Thus, TRPV2 would be the 'Ugly guy' that participates in the setting of advanced prostate cancer by enhancing cell migration for more aggressive prostate cells and could constitute a prospective prognostic marker and a potential therapeutic target for future interventions to increase the life expectancy of the patients.
CONCLUSION AND PERSPECTIVES
Accumulating evidence tends to demonstrate that the development of some cancers could also involve TRP channel changes in expression and/or activity. Indeed concerning prostate cancer, TRPM8, TRPV6, TRPC6 and TRPV2 play distinct roles in different stages of the tumor genesis and/or progression and appear as being instrumental in fundamental tumorigenic processes such as cell growth, proliferation, apoptosis, migration and invasion (summarized in Figure 1 ). However, it should be noted that it is unclear at present whether these TRP aberrations are a cause or a consequence of tumor genesis, while there is a definite need for more appropriate prostate epithelial cell models, such as primary cultures of prostate epithelial cells.
The potential clinical relevance of these recent advances in the TRP channel field is two-folded: TRP channels may be useful biomarkers for cancer prognosis and may constitute anticancer targets in therapeutics. Concerning their relevance as biomarkers, it has already been suggested that TRPM8 and TRPV6 expression in prostate cancer may constitute prognostic and/or diagnostic markers for prostate cancer, 7, 8, 31 The additional use of TRPC6 and TRPV2 as biomarkers and the use of a simultaneous screening for all the aforementioned TRP channels (TRPM8, TRPV6, TRPC6 and TRPV2) could constitute a prognostic/diagnostic profile that would increase the accuracy in the subcategorization of prostate cancers and help in identifying those with an aggressive phenotype. It should be noted that the examples discussed here required the analysis of excised tumor tissue or biopsies by in situ hybridization, immunohistochemistry or similar techniques. In order to simplify the use of these biomarkers in the clinical routine, it would be a real challenge to detect aberrant expression patterns of these TRP genes in body fluids. Indeed, the progression of many tumor types is associated with the presence of circulating tumor cells in the peripheral blood of the patient.
The second question arising from the studies described here concerns the genuine feasibility of TRP proteins as drug targets. In principle, TRP channels are attractive drugs targets since they comprise extracellular domains that can bind ligands or antibodies and at the functional level, they affect key processes in prostate cancer progression such as proliferation, apoptosis and migration. Indeed drugs can affect ion channel function through several different mechanisms ranging from the classic pore block, over allosteric regulation due to (specific) drug binding to the target protein, to the allosteric regulation that arises from (more nonspecific) drug-induced changes in Figure 1 Role of TRP channels in prostate carcinogenesis. Activation of the plasma membrane TRPM8, the 'Good', by icilin or the PSA inhibits prostate cell migration, while the role of this channel on the ER remains to be defined (upper panel). On the other hand, increased basal Ca 21 entry through TRPV6, the 'Bad', in cancer prostate cells, enhances cell proliferation through the activation of Ca 21 /calmodulin/calcineurin-dependent transcription factor NFAT (middle panel). Finally, activation of TRPV2, the 'Ugly', by lysophospholipids such as LPC and LPI, stimulates Ca 21 influx and increase the migration potential in prostate cancer cells (lower panel). ER, endoplasmic reticulum; LPC, lysophosphatidylcholine; LPI, lysophosphatidylinositol; NFAT, nuclear factor of activated T cell; PSA, prostate-specific antigen; TRP, transient receptor potential; TRPM, TRP melastatin; TRPV, TRP vanilloid.
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lipid packing adjacent to the protein and in bilayer material properties. 32, 33 This area of research is particularly significant, as the potential for the pharmacological modulation of channels is one of the key advantages over other targets, which may be restricted to siRNA or gene therapy approaches. For instance, the newly identified carboxamide WS-12 is the most potent TRPM8 agonist 34 and could constitute a good candidate for drug development. In addition, the development of humanized inhibitory antibodies to extracellular domains of TRPV6 and TRPV2 channels may provide the desired specificity for a successful use in vivo. Finally, in vivo experiments and human trials will have to define the real potentials and limitations of TRP channels as a drug targets.
